Panning is a processing step used in manufacturing of some varieties of oolong tea. There is limited information available on effects of panning on oolong tea flavors. The goal of this study was to determine effects of panning on flavor volatile compositions of oolong using Gas Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Olfactometry (GC-O). SDE and SPME techniques were applied for extraction of volatiles in panned and unpanned teas. A total of 190 volatiles were identified from SDE and SPME extractions using GC-MS and GC-O. There were no significant differences (P > 0.05) in aldehyde or terpene contents of unpanned and panned tea. However, alcohols, ketones, acids and esters contents were significantly reduced by panning. Among 12 major volatiles previously used for identification and quality assessment of oolong tea, trans nerolidol, 2-hexenal, benzaldehyde, indole, gernaiol, and benzenacetaldehyde contents were significantly decreased (P < 0.05) by panning. Panning increased (P < 0.05) contents of linalool oxide, cis jasmone, and methyl salicylate. The GC-O study also showed an increase of aroma active compounds with sweet descriptions and decrease of aroma active compounds with fruity and smoky descriptions after panning. Panning significantly changes the volatile compositions of the tea and created new aroma active compounds. Results from this study can be used in quality assessment of panned oolong tea.
Introduction
Oolong tea is manufactured predominantly in southeast China and Taiwan . Less than 2% of tea manufactured in the world is semi-fermented oolong tea (Hara et al. 1995) ; however, due to the complex processing steps and the limited supply, oolong teas usually have a higher unit price than green or black teas in the international tea market. Current increases in oolong tea consumption might result from the recent studies on health benefits of tea polyphenols, and also the unique taste and aroma of this tea variety.
Oolong tea categorized as a semi-fermented tea. For tea, fermentation refers to the natural browning reactions induced by oxidative enzymes in the cells of tea leaves. This process is mainly the oxidative polymerization of catechins catalyzed by polyphenol oxidase and peroxidase (Chaturvedula and Prakash 2011) . Oolong tea is generally fermented from about 10% to 60% to create a taste and color somewhere between green and black teas. Fermentation is responsible for creation of many flavor compounds. During the fermentation process, the tea leaves are injured and, consequently, an increase in enzyme activity is seen with the creation of aromatic alcohols
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Changes in flavor volatile composition of oolong tea after panning during tea processing (Ma et al. 2014) . Wang et al. (2008) found that fermentation can cause the loss of grassy or green flavors and the formation of fruity/floral flavors, providing much of black tea's sweet and bold flavor. There are no standard recipes or procedures on how to manufacture oolong tea. The processing and the level of oxidation are decided by each tea garden or tea master. In Taiwan, Baozhong tea would typically be fermented around 10%, ball rolled Donding oolong from 15-25%, and Baihao oolong (Oriental Beauty) around 60-80%.
Panning is a processing step in the manufacturing of some varieties of oolong tea that is performed after fermentation. There are two steps often called panning: first, exposure of tea leaves to heat in order to inhibit fermentation by inactivating the enzymes, and second, heating after drying to develop unique flavors in oolong tea (Hui et al. 2003; Zhen 2003; Info Taiwan 2014) . During this first process, tea leaves lose moisture and thus are softer making the rolling into string shapes and dehydration easier (Hui et al. 2003) . Panning can be done using rotary pan or panning machine, convection oven, or via panfrying. The exact temperature and time depends on various teas and determined by tea masters. The panning period also depends on the variety of tea leaf and loading quantity. Panning is known to eliminate grassy odor while leaving a nutty smell and taste. Panning also prevents tea leaves from breaking before they are rolled and the result is soft and flexible leaf texture with a strong pleasant aroma (Info Taiwan 2014) . However, there is limited information available on the effects of panning after drying on volatile compounds of oolong tea. In addition, the compounds responsible for the aroma of panned tea still need clarification.
Flavor analysis of oolong tea is important for variety authentication and quality assessment. Oolong varieties are sold at a premium price compared to lower-grade varieties. Some oolong varieties are very similar in appearance and flavor and accurate identification and differentiation is only possible for tea experts or experienced tea tasters (Zhang et al. 2013) . Thus, there is significant interest in developing accurate chemical methods for quality assessment and identification of oolong tea varieties. Composition of the volatile compounds extracted by extraction methods SDE and SPME may differ, and it is advisable that two methods used together for effective volatile analysis (Thompson-Witrick et al. 2015) .
Nonvolatile components are generally responsible for taste, while volatile components give the aroma (Rawat et al. 2007 ). The unusual taste of oolong tea infusion depends on the degree of fermentation, the elevation and growing conditions as well as the tea bush. Nonaka et al. (1983) (as cited in Chaturvedula and Prakash 2011) reported the fruity and sweet taste of oolong tea infusion are the integrated taste of nonoxidized catechins, thearubigins, some secondary polyphenolic compounds, caffeine, free amino acids, sugars, and volatile compounds. Compared to green tea, the astringency of oolong tea is lower and the sweetness is higher. Volatile flavor compounds of tea are mostly composed of nonterpenoids or terpenoids, which are responsible for sweet flowery aroma of tea (Rawat et al. 2007) . Previous studies showed volatile compounds such as trans-nerolidol, trans-2-hexenal, benzaldehyde, methyl-5-hepten-2-one, methyl salicylate, indole (Wang et al. 2008; Pripdeevech and Machan 2011) , cisjasmone (Pripdeevech and Machan 2011), (E)-geraniol, (E)-β-damascenone, linalool oxide B, benzaldehyde (Kawakami et al. 1995; Wang et al. 2008; Wang et al. 2011; Zhang et al. 2013) , (E,E)-2,4-heptadienal and (Z)-3-hexenol (Wang et al. 2008 (Wang et al. , 2011 are the key odorants, and indicators of high quality oolong tea.
The objectives of this study were to investigate effects of panning on flavor volatile compositions of oolong tea and to determine changes in aroma active compounds of panned compared to unpanned oolong tea using Gas Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Olfactometry (GC-O).
Materials and Methods

Panning process
Three batches of unpanned Jin Xuan (Chin-Hsuan, or Zhu Shan) oolong tea samples were purchased from Tea of Life ® Health Inc. in Rosedale, NY before the experiment and stored at room temperature. To pan the tea leaves, 680 grams of oolong tea was placed on a metal baking dish. Then, the dish was heated/panned in a convection oven at 120°C for 6 h. The method and selected condition for the panning process was based on our preliminary study and literature. After heating, the tea leaves were cooled to room temperature. The panning and flavor analysis were performed for the three batches separately.
Volatile extraction using SDE
In preliminary experiments, we optimized conditions for SDE extraction including solvent and extraction time for flavor analysis of tea, and we applied the optimal extraction condition to this study. A simultaneous distillation, extraction (SDE), Likens-Nickerson, apparatus was used. Tea leaves (50 g) were placed in a 1 L round bottom flask containing 400 mL of distilled water. One hundred milliliter of HPLC grade diethyl ether (Sigma-Aldrich Co., St. Louis, MO) with 0.5 mL of 100 ppm ethyl decanoate (internal standard) (Sigma-Aldrich Co.) was placed into a 250 mL extraction flask. Two electric heating plates were used to maintain boiling for the tea and solvents in the SDE apparatus. The volatiles were steam-distilled and extracted into diethyl ether for 40 min. After extraction, the solvent was dried over anhydrous sodium sulfate (Fisher Scientific, Pittsburg, PA) and filtered. Then, the extract was concentrated to 2 mL in a vacuum rotary evaporator and nitrogen gas. The concentrates were analysed using Gas Chromatography -Mass spectrometry (GC-MS) and Gas Chromatography Flame Ionization Detection -Olfactometry (GC-FID/O) for volatile analysis.
Volatile extraction by SPME for GC-MS analysis
Four grams of tea leaves were placed in 200 mL of hot distilled water (98°C) and brewed for 5 min. Then, 5 mL of the filtered tea infusion and 1 g of NaCl were placed into 10 mL headspace vials with Teflon-lined silicon septa (Chromacol, Fisher Scientific). SPME was used to extract volatiles and volatiles were analysed by injection into the GC-MS using an AOC-5000 Plus (Shimadzu Scientific, Columbia, MD) SPME auto-sampler. Samples were equilibrated for 2 min prior to extraction. A DVM/Carboxen/ PDMS SPME fiber (2 cm 50/30 um) (Supelco, Bellefonte, PA) was exposed to the headspace above the tea extract in glass vials for 30 min at 40°C with an agitation speed of 250 rpm.
Volatile extraction by SPME for GC-FID/GC-O analysis
The extraction and injection were performed manually for GC-O analysis. Five milliliter of tea aqueous infusions (which were prepared similar to GC-MS analysis) was placed in a 15 mL amber glass vial with a Teflon-lined cap. A "RTC basic" heater with an ETS D4 Fuzzy Logic Controller (IKA Werke, Wilmington, NC) was used to heat samples at 40°C while being stirred using a 4 mm stir bar. A 50/30 μm SPME fiber (DVB/CAR/PDMS) on a 2 cm StableFlex fiber (Supelco Bellefonte, PA) was inserted into the vial and was exposed approximately 1 cm above the headspace for 30 min while a magnetic bar continued to stir the sample.
GC-MS analysis
The volatile constituents of each sample were analyzed using a Shimadzu GCMS-QP2010 Ultra gas chromatograph with mass selective detector (Shimadzu) equipped with GCMSsolutions 2.53 and capillary nonpolar column (SHRXI-5MS, Shimadzu, 30 m * 0.25 mm id * 0.25 μm film thickness). The oven temperature was initially held at 50°C for 5 min and then increased at 4º C/min to final temperature of 250°C. The injector temperature was 200°C and injections were made in splitless mode. Ultra high purity helium used as a carrier gas at a flow rate of 0.69 mL/min (approximately 25 cm/sec linear flow velocity). The mass spectra were collected at m/z 40-400 and were performed every 0.3 sec. The ion source and quadrupole were set at 230 and 200°C respectively. Identification of the volatile components was performed by combined matching standardized retention time (LRI values) for a DB-5 column (Flavornet and Pherobase) and fragmentation spectra of standards from NIST 11 (Scientific Instrument Services, Ringoes, NJ) and the Wiley 2010 libraries (John Wiley and Sons Inc.) . Confirmation of the identification was sought by matching the mass spectra of the compounds with the reference mass spectra present in the NIST 11 and Wiley libraries. The results were compared with our control, unpanned samples.
GC-O analysis
Approval for use of human subjects in research was obtained from the Virginia Tech Institutional Review Board before GC-O experiments began (IRB #13-580). GC-O analysis was carried out using a HP 5890A gas chromatograph (Hewlett-Packard Co., Palo Alto, CA) equipped with a flame ionization detector (FID), a sniffing port (ODOII; SGE Inc. Austin, TX), and a DB-5 ms column (30 m × 0.25-mm i.d. × 0.25 μm film thickness) (J&W Scientific, Folson, CA). The detector and injector were set to 250°C and 275°C, respectively; all injections were made in the splitless mode. The initial oven temperature was 50°C and increased at 10°C/min until reaching a final temperature of 200°C. Chromatograms were recorded using a HP 3396A integrator (Hewlett-Packard Co., Palo Alto, CA). Hydrogen was used as the carrier gas with a flow rate of 1.0 mL min −1 (linear flow velocity ~ 25 cm/ sec). The GC column effluent was split 1:1 between the FID and the ODOII using deactivated fused silica capillaries (1-m length × 0.32 μm i.d.). Two trained assessors were selected for GC-O analysis. The assessors sniffed tea extracts from SDE or SPME methods for 20 min from each batch. Aroma descriptions, times and intensity were recorded for every sample. The assessors indicated aroma intensity in scale 1-5 where 1 was the lowest intensity and 5 was the highest.
Mean aroma intensities for each odorant were calculated by averaging the reported intensity by panelists. Aromaactive compounds were defined as the ones that were detected by the panelists fifty percent of the time with similar descriptions and retention times or those scored higher than 3 by panelists. Kovats or Linear Retention Index (LRI) values were determined using a series of alkanes (C5-C26) which were run under identical conditions. Identification of volatile compounds was based upon their odor descriptions and RI values from DB-5 column. The databases Flavornet (http://www.flavornet.org/flavornet. html) and Pherobase (http://www.pherobase.com/) were used to aid in identifying the compounds based upon standardized retention and aroma.
Statistical analysis
We conducted similar experiments on unpanned oolong tea with three replications and the results from GC-MS and GC-O were compared with the panned tea from this study. The data from GC-MS were analyzed by JMP 11.0 (SAS, Cary, NC). Two way analysis of variance (ANOVA) and mean comparisons using Tukey's test with the 5% significance level were conducted on different compound categories: alcohols, aldehydes, ketones, terpenes, acids and ester results from SDE and SPME techniques of panned and unpanned teas.
One way ANOVA was also used to find significant differences in 12 volatiles (previously reported to be major flavor compounds in oolong tea) extracted with SDE and SPME techniques in panned and unpanned tea. Means were compared by using Fisher's least significant difference (LSD) method with significance at P < 0.05.
Results and Discussion
GC-MS analysis
A total of 190 volatile compounds were identified using SDE and SPME with GC-MS and GC-O. We identified 200 volatile compounds in unpanned oolong tea, of which only 79 of these compounds were found in panned oolong tea (Table 1) ; this shows the significant impact of panning on flavor volatiles of oolong tea. We also observed that the compounds identified using SDE and SPME differed and were complementary. Therefore, we used the same approach to analyze and discuss our results from GC-MS and GC-O.
A total of 121 volatiles were extracted from panned oolong tea using SDE. Among these compounds, 18 alcohols, 11 aldehydes, 16 ketones, 23 terpenes and 13 acids were identified. The most abundant compounds were furfural (10.8%), trans-nerolidol (8.5%), α-farnesene (4.8%), ethyl-pyrrole-2-carboxaldehyde (3.9%), benzyl nitrile (3.5%), 5-methyl-2-furancarboxaldehyde (2.8%), indole (2.5%), 4-methoxy-2-methyl-benzenamine (2.3), 3-methyl-butanenitrile (2.1%) and 1-(2-furanyl)-ethanone (2.1%). Only trans-nerolidol, α-farnesene, indole and benzyl nitrile also appeared as most abundant compounds in unpanned tea. Similar to unpanned tea, trans-nerolidol (43.9% of total alcohols) and indole (13.4%) were the two major alcohols. Major ketones were 1-(2-furanyl)-ethanone (21.5% of total ketones) and dihydro-2-methyl-3(2H)-furanone (11.0%); however, the major ketones in unpanned tea were jasmine lactones and trans-β-ionone. These two compounds were identified in panned tea, but at much lower concentrations. Furfural (49.5% of total aldehydes) was the most abundant aldehyde in panned tea, but hexanal and benzeneacetaldehyde were the most abundant aldehydes in unpanned tea. Among 23 identified terpenes in panned tea, α-farnesene (24.2%) and linalool oxide (9.1%) were the compounds with highest peak areas. For unpanned tea, α-farnesene was the most abundant terpene, followed by geraniol and linalool. Sesquiterpenes in oolong tea may be present as glucosides that can be hydrolyzed to form various aromatic compounds during the manufacturing process (Guo et al. 1996) . These glucosides may also be obtained by biosynthesis during the manufacturing process (Wang et al. 2001) .
A total of 48 volatile compounds were detected using SPME, including eight alcohols, eight aldehydes, four ketones, seven acids, and 11 terpenes. The compounds with highest peak area were indole (9.3%), furfural (7.1%), 1-ethyl-1-pyrrole-2-carboxaldehyde (5.5%), benzyl nitrile (4.1%), 1,1,5-trimethyl-1,2-dihydronaphtha lene (TDN) (3.4%), 4-methoxy-2-methyl-benzenamine (2.9%), 5,9,9-trimethyl-spiro[3.6]deca-5,7-dien-1-one (2.8%), methoxy-phenyloxime (2.5%), 3,4-dimethylcyclohexanol (2.4%), and 3-amino-4-methylbenzyl alcohol (2.4%). Indole (44.7% of total alcohols) was the most abundant alcohol for panned and unpanned teas. Similar to what was observed for SDE, furfural (31.6% of total aldehydes) had the highest peak area in panned tea, but for unpanned tea the most abundant aldehyde was 2,4-decadienal. Hotrienol (18.5% of total terpenes) had the highest peak areas among terpenes, but this compound was not identified in unpanned tea. The most abundant terpene in the unpanned tea was geraniol.
Results from ANOVA showed there was a significant difference (P < 0.05) between the summed peak percentages of alcohols between panned and unpanned teas (Fig. 1) . The percentage of alcohols in unpanned tea were significantly higher (P < 0.05) than panned tea from SDE; however, there was no significant difference (P > 0.05) in alcohols percentages between unpanned and panned tea with SPME. Fermentation results in increased enzyme activity that leads to creation of aromatic alcohols (Ma et al. 2014) ; however, during panning, many of these enzymes are destroyed by heat, which results in less formation of aromatic alcohols. There were no significant differences (P > 0.05) in aldehyde percentages of panned and unpanned tea in both extraction techniques. Analysis of ketones showed significant differences (P < 0.05) in panned and unpanned tea in both extraction techniques. Additionally, the peak percentages of panned tea for ketones were higher (P < 0.05) in SDE compared to SPME. No esters were identified in panned tea. There were no differences (P > 0.05) between the acids contents of panned and unpanned tea in both SDE and SPME. The percentages of terpenes in both extraction techniques were not different (P > 0.05) between panned and unpanned tea; however, terpene percentages of unpanned tea in SDE were higher (P < 0.05) than for SPME. Most of the published studies on oolong tea volatiles have either investigated major compounds that differentiate oolong with fully fermented teas or nonfermented teas or have studied the compounds that are indicator of quality in oolong tea. During fermentation, several enzymatic reactions are responsible for formation of tea aroma compounds. The main precursors for tea aroma are amino acids and carotenoids, including β-carotene, lutein, neoxanthin, and violaxanthin (Yamanishi 1978) . During fermentation, oxidation results in the significant reduction of carotenoids, particularly β carotene, resulting in the formation of ionone and terpenoid carbonyls (Yamanishi 1978) . After oxidation and secondary epoxidation reactions, other carotenoids give rise to ionone, linalool and substituted hydroxy-and epoxy-ionones (Sanderson and Grahamm 1973) . Generally, grassy or green flavors are diminished during fermentation, but fruity, floral and other fermented characters are increased (Wang et al. 2008) .
Pripdeevech and Machan (2011) used cis-jasmone (woody, herbal), trans-nerolidol (floral), indole (pungent) and hotrienol to differentiate semifermented tea from nonfermented tea. They showed the content of the first three volatiles were increased significantly while hotrienol (green, sweet) was decreased after fermentation. In our study, the content of cis-jasmone was significantly higher (P < 0.05) in panned tea while the content of indole and trans-nerodiol were significantly decreased (P < 0.05) by panning. The content of indole is very low in nonfermented tea, but its level increases quickly at the beginning of fermentation in oolong tea and then slowly decreased by continuing fermentation (Wang et al. 2008) . Indole precursors might be destroyed by the heat treatment during panning and lead to changes in indole contents in panned tea. GC-MS analysis was able to identify hotrienol only in the panned tea, suggesting perhaps that heat treatment resulted in formation of hotrienol in oolong tea.
Other studies showed other compounds may be important in distinguishing oolong from other varieties of teas. Other than indole, Wang et al. (2008) found flavor compounds such as trans-2-hexenal (green), benzaldehyde (almond), and methyl salicylate (peppermint) are important to distinguish unfermented teas from fermented ones. Trans-2-hexenal and methyl salicylate also may be used to classify the semi from fully fermented teas. Others have also reported the contents of compounds such as (E)-geraniol (floral, rose), (E)-β-damascenone (not identified in our study), and linalool oxide B (floral) increase with degrees of fermentation (Kawakami et al. 1995; Wang et al. 2008 Wang et al. , 2011 Zhang et al. 2013 ). In our study, trans-2-hexenal, methyl salicylate and geraniol contents were decreased significantly (P < 0.05) by panning, but linalool oxide content was significantly (P < 0.05) increased. Trans-2-hexenol (grassy, green) is a product of lipid degradation and result in inferior quality to tea (Pripdeevech and Machan 2011). Usually, a higher amount of trans-2-hexenal is detected in nonfermented tea whereas in semifermented tea concentrations are reportedly significantly lower (0.04-0.08%) (Pripdeevech and Machan 2011).
Our results suggest that panning in oolong tea promotes formation of some of the flavor characteristics of nonfermented as well as fermented teas. Several studies suggest that volatile flavor compounds affect the perceived quality of oolong tea. Trans-nerolidol was reported as one of the key odorants and can be considered as an indicator for the high quality oolong tea flavor (Kai et al. 2008; Pripdeevech and Machan 2011; Wang et al. 2011; Zou et al. 2011; Ma et al. 2014) . We found that trans-nerolidol was the most dominant volatile in unpanned oolong tea; however, during panning the concentration of these compound significantly decreased (P < 0.05) (Fig. 2) . Similar to our results, Ma et al. (2014) reported decreases in the nerolidol content during other thermal process steps in oolong tea manufacturing such as fixation, shaping, and drying. Nerolidol has a floral aroma (Lapczynski et al. 2008 ) and exists at a relatively high concentration in oolong tea. Even though the concentration of this compound was significantly decreased by panning, it was the second most abundant compound in the panned tea in our study. The content of nerolidol is low in fresh leaves, but the content was greatly increased and reaches to its highest level during the fermentation stage of manufacturing (Ma et al. 2014 ). Wang et al. (2011) reported that perceived aroma score positively correlated with concentrations of benzyl alcohol (sweet, flower), benzeneacetaldehyde (honey, floral), linalool (flower), phenylethyl alcohol (honey), linalool oxide (flower), indole (pungent), cis-jasmone (herbal, woody), nerolidol (flower), and methyl jasmonate (flower). In addition, they found the total quality score positively correlated with concentrations of benzyl alcohol, benzeneacetaldehyde, geraniol, indole and toluene (not identified in our study), but negatively correlated with the concentrations of (E,E)-2,4-heptadienal (identified by GC-O in our study). Other studies also showed benzaldehyde (almond) (Zhang et al. 2013) , jasmine lactone (floral and fruity) (Wang et al. 2001 (Wang et al. , 2008 (Wang et al. , 2011 Zhang et al. 2013) , and α-farnesene (woody) 3 LRI values confirmed with databases Flavornet and Pherobase to identify the compounds based upon standardized retention and aroma. 4 The average aroma intensity score by panelist on a scale of 5 where 1 = low intensity and 5 = high intensity. 5 Not identified compound. (Kawakami et al. 1995; Wang et al. 2008 Wang et al. , 2011 Zhang et al. 2013 ) play important roles in aroma of oolong tea and have high correlation with the aroma of quality oolong tea. Compounds such as (E)-β-damascenone (Zhang et al. 2013 ) and 5-methyl-hepten-2-one (Wang et al. 2008 ) are also reported as major flavor compounds, but they were not detected in our study. In addition, phenylethyl alcohol was identified in high concentration in the unpanned tea but was not detected in the panned tea. There were significant reductions (P < 0.05) in amounts of trans-nerolidol, 2-hexenal, benzaldehyde, indole, geraniol, and benzenacetaldehyde as a result of panning. However, panning caused significant increases (P < 0.05) in contents of linalool oxide, cis-jasmone, and methyl salicylate. There were no significant differences (P > 0.05) in content of linalool, jasmine lactone and benzyl alcohol between panned and unpanned tea. Furfural was the most dominant volatile in the panned tea analysed using SDE extraction and was also identified as the second most abundant compound using SPME. Furfural was not identified in unpanned tea with either extraction technique using GC-MS analysis, but we did identify it as aroma active compound with GC-O. Furfural has been reported in flavor profile of oolong tea in previous studies (Wang et al. 2008; Pripdeevech and Machan 2011; Zhang et al. 2013) . Furfural has been found in an extensive range of teas, coffees, fruits, and wine and has been used as an ingredient for flavor enhancements in food (Rega et al. 2009 ). Furfural odor is like baked bread, almond and sweet (Rega et al. 2009 ). Furfural is formed by the heat treatment or acid hydrolysis of polysaccharides, which contain hexose and pentose fragments (IARC 1995) . Panning can create compounds that are generated in the thermal degradation of cellulose and hemicellulose such as furfurals, 5-methyl-2-furancarboxaldehyde and other furans (Guillén and Manzanos 1997; Sung 2013) .
Pripdeevech and Machan (2011) also indicated that the process of steaming or panning at high temperature in nonfermented tea method may produce lipid degradation products such as heptanoic acid, 2,6,6-trimethyl-1-cyclohexene-1-carb oxaldehyde, or nonanoic acid. In comparison to unpanned tea, many pyrrole compounds were identified in the panned tea such as 1H-pyrrole,1-ethyl-pyrrole, 1-methyl-1H -pyrrole-2-carboxaldehyde, 1-(1H-pyrrol-2-yl)-ethanone, 2-acetylpyrrole, and 2,4-dimethyl-1H-pyrrole-3-carboxylic acid methyl ester. The generation of these nitrogen-containing heterocyclic compounds is assumed to be caused by the Strecker degradation of theanine and amino acids during the tea preparation, and is responsible for the aroma of the heat treated teas (Yu et al. 1999) .
GC-O analysis
In SDE extraction, 47 aroma active volatiles were tentatively identified based on the combination of LRI and odor descriptors in panned oolong tea and nine of these compounds were also identified by GC-MS analysis (Table 2) . Among these compounds, 17 compounds were previously identified by both extraction techniques in the unpanned tea. However, in SPME, we identified 42 compounds that possessed aroma activity, but only 10 of these compounds were identical to extracted aroma compounds from SDE (Table 3) . Among these 42 compounds, 17 compounds were shared with unpanned tea and only six of these 42 compounds were detected by GC-MS analysis.
The identified aroma components of panned and unpanned tea for both extraction techniques were grouped in six categories based on their aroma description: fruity, sweet, floral, nutty, green, and smoky/burnt. The total aroma intensities of identified aroma compounds from SDE and SPME for each aroma group are shown in Figs. 3 and 4 respectively. The most important features that were consistent between these two Figures were the increase of sweet aroma and decrease of fruity and smoky in the panned tea. Floral aroma was not considerably affected by panning. Green aroma was the most different feature between two Figures. Previously, our panelists were unable to detect any green aroma in unpanned tea from SPME extraction; however, for the panned tea, a number of compounds responsible for green and grassy flavor were identified. On the other hand, with SDE the green aroma was slightly decreased. The other inconsistent result was related to nutty aroma. In SDE, there were more intense aroma active compounds with nutty smells detected in the unpanned tea. In contrast with SDE results, total aroma intensity for nutty smell was increased by panning which is more consistent with the literature. The differences in two methods' capabilities have been indicated in some other flavor studies. A SPME extraction technique was reportedly unsuitable for the isolation of high molecular compounds or for those with a strong affinity to the matrix; however, some compounds cannot be detected in SDE due to the presence of solvent (Majcher and Jeleń 2009) , and also some artificial compounds can be generated during the extraction.
Among the identified aroma active compounds in the panned tea using SDE, pentanal (smoky), dihydromethylcyclopentapyrazine (nutty), and one unidentified compound (nutty) had the highest aroma intensity in the panned tea. Dihydromethylcyclopentapyrazine and the unidentified compound had nutty flavors and were also detected among the most intense aroma compounds in the unpanned tea. However, limonene oxide (fruity) was the only compound that scored 4 in SPME. We were able to identify (E, E)-2, 4-heptadienal (nutty) and (Z)-3-hexenol (green) in our GC-O analyses, which have been shown to be increased by degree of fermentation (Wang et al. 2008 (Wang et al. , 2011 . Similar to the unpanned tea, trans-2-hexenol was identified, which is considered an off-flavor in oolong tea. We also detected pyrazines such as ethylmethyl pyrazine and dihydromethylcyclopentapyrazine, which are known as thermally generated product of amino acids and sugars (Kato and Shibamoto 2001; Wang et al. 2010) ; however, both of these compounds were found in unpanned tea as well. Jin Xuan oolong is well-known for its milky aroma. Previously, we identified dieactyl with butter aroma and suggested that the milky aroma of this variety of tea is associated with this compound. However, this compound was not detected by our panelists in the unpanned tea and panning might have resulted in elimination of the milky aroma in Jin Xuan oolong.
Conclusions
Despite a few similarities in the most abundant identified compounds from GC-MS analysis and aroma active compounds from GC-O analysis between the unpanned and panned tea, panning significantly changed the aroma volatile components of oolong tea. The abundance of alcohols, ketones, acids and esters were significantly changed by panning; however, there were no changes in contents of terpenes and aldehydes. Since over-heating/panning the leaves may result in a burnt odor and underpanning may result in a greenish odor and red central vein (Hui et al. 2003) , optimization of time and temperature in panning to manufacture best quality tea need to be investigated for the future studies. Moreover, conducting sensory studies to better understand consumer perception of panning effects on quality of oolong tea is necessary for large-scale manufacturing and commercialization of panned tea.
